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Abstract 
A detailed finite element model of the existing Air-Defence Weapon System (ADWS) mount assembly of a military tracked 
vehicle, has been developed in Abaqus/CAE and modal dynamic analyses have been carried out. A mathematical vibration model 
of the gun recoil system has been developed in Matlab, in order to estimate the transmitted force variation during gun firing as 
well as the gun recoil. The frequency spectrum of transmitted force variation, has been analysed in correlation with extracted 
eigen values of the mount assembly, followed by dynamic analysis during rapid firing of 5 rounds. Based on modal dynamic 
analysis, required design modifications have been carried out by stiffening the mount structure at appropriate locations, and firing 
accuracies were obtained within acceptable limits. This study would be a useful approach to design of any gun mount assembly. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICOVP 2015. 
 




    The Air-Defence weapon station (ADWS) is subjected to very high firing rates and therefore, it is very essential 
to properly design the gun mount, in order to improve firing accuracy. Non-linear vibration analysis of a gun barrel 
with a passive vibration absorber, induced by internal high speed projectile interactions, has been carried out in [1]. 
The passive absorber has been optimized through genetic algorithm and firing accuracy validated through field 
experiments. The influence of the shot recoil of various weapons, mounted on the armoured vehicle HMMWV 
M1151, influencing the vehicle vibrations while negotiating uneven road surfaces, has been studied in [2]. 
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Procedures to determine excitation forces, induced from weapon to the mount, angular movement of the weapon 
turret and recoil of an automatic cannon barrel, have been discussed in [3]. The theory of eigen value procedures and 
modal dynamics as well as representation of springs and dampers, have been described in [4].  Miscellaneous levels 
of research have been dedicated to modeling the gun system and studying the effect due to projectile firing.  
   
  In the present study, mathematical vibration model of the existing gun recoil system has been developed, in 
order to estimate forces, transmitted to the ADWS gun mount structure during firing. Modal analysis of the existing 
gun mount assembly, has been carried out, in order to identify the structural vibration modes, within the frequency 
spectrum of transmitted forces due to firing. Modal dynamic analysis has been carried out on the existing gun mount 
assembly in order to observe the vibration responses about the trunnion axis and also stresses at critical locations on 
the mount. Based on the modal analysis, required design modifications have been carried out, in order to stiffen the 
mount assembly, and subsequently analysed. The modified gun mount assembly was observed to provide better 
firing accuracy levels, compared to the existing gun mount. The above studies was observed to play a key-role in 
validation and improvement of the existing gun mount design. 
 
2. Development of mathematical vibration model for the ADWS recoil system  
 
   The mathematical vibration model for ADWS recoil system has been developed, in order to estimate the 
dynamic forces transmitted to the mounting assembly due to gun firing. The recoil forces have been estimated, 
based on peak gas pressures inside the barrel. 5 firing load pulses have been taken into account (shown in Fig. 1), 
with time interval between rounds, corresponding to the maximum firing rate. As observed from Fig. 1, the 
maximum force on the projectile during its travel inside the barrel is of the order of 4.1 ton. The force variation with 
respect to time (as shown in Fig. 1), has been provided as an input to the ADWS recoil system. The force variation 
has also been represented in frequency domain, as shown in Fig. 2. 
 
              
             Fig. 1. Variation of recoil force with respect to time, represented by 5 firing pulses, of the ADWS assembly 
  
           
 
                Fig. 2. Variation of recoil force in frequency domain, represented by 5 firing pulses, of the ADWS assembly 
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    The stiffness property of the recoil system spring has been estimated from the spring data. As per available 
literature, a slight under-damping has been considered in the recoil system, and accordingly the damping coefficient 
has been determined. The reciprocating mass comprises the gun along with gun cradle and ammunition box, as 
shown in Fig. 3a.  
 
                                 
  Fig. 3a. Representation of reciprocating mass assembly              Fig. 3b. Schematic representation of recoil system as a SDOF model 
 
The recoil system has been represented as a single degree of freedom vibration model, shown in Fig. 3b.  
 
where,  
  F t is the variation of induced force on the recoil system (as shown in Figure 3b) 
              X is the variation of induced displacement on the recoil system 
     K  is the spring stiffness, estimated from the spring data 
     C  is the damping of the recoil system 
             M  is the reciprocating mass of the recoil system 
             TF t is the transmitted force to the ADWS mounting assembly. 
The equation of motion for the vibration model shown in Fig. 3b is,        
 .. .  M C X FX KX t                                                                                                                                          (1) 
where, X is displacement of reciprocating mass of the recoil system 
 
The total force transmitted to the ADWS mounting assembly during AD gun firing may be determined as 
  .TF t KX C X                                                                                                                           (2) 
 
    From the above mathematical vibration model, the force transmitted to the ADWS mounting assembly, have been 
determined and plotted in Fig. 4. Moreover, the force transmitted to the ADWS mounting assembly has also been 
represented in the frequency domain, as shown in Fig. 5.  
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  Fig. 4. Variation of transmitted force                                                                 Fig. 5. Variation of RMS amplitude of the transmitted force  
 
    From Fig. 4, it is observed that the maximum force transmitted to the ADWS mounting assembly is of the order 
of 16.5 kN. From Fig. 5, it is observed that the effective frequency content of the force transmitted to the ADWS 
mounting assembly, is up to 250 Hz. The frequency spectrum indicates the fundamental frequency and higher order 
harmonics, due to periodic firing of 5 rounds.  
3. Description of the ADWS mounting assembly for the military tracked vehicle  
 
     The mounting assembly comprises the gun cradle, C-bracket, sight bracket and the pivot, mounted to the turret, 
along with miscellaneous accessories. The entire assembly is shown in Fig. 6. The gun is mounted over the cradle. 
The cradle also consists of the ammunition box, ammunition round collection box and the cocking mechanism. The 
sight bracket consists of the sighting system and the sight motor. The electronic control unit, gyros and traverse 
motors are connected to the C-bracket. The gun cradle is connected to the C-bracket with provision of housing the 
elevation motor, which assists in elevating the cradle assembly. The C-bracket is connected to the pivot through an 
intermediate revolving base, which in turn is fixed to the turret through the pivot base. The entire assembly of gun 
cradle, C-bracket and sight bracket has the provision of rotation by 360 degrees about the pivot base.  
                                                   
                                  Fig. 6. Solid model of the ADWS mounting assembly, indicating corresponding parts 
    The finite element model of ADWS assembly is developed using Abaqus/CAE. The mount structure is discretized 
into ten noded tetrahedral solid finite element using Abaqus 6.13. Prior to developing the finite element model, CG 
and mass moment of inertias for individual sub-systems have been determined from the solid model and input to the 
finite element model. The systems like ammunition box, gun, ammunition round collection box, elevation motor, 
traverse motor, gyros, electronic control unit, sight assembly and sight motors are represented as equivalent mass 
elements and constrained at appropriate locations. The gun cradle has been constrained with the C-bracket. 
Abaqus/Standard solver has been used for the solution steps and post processing of the results have been done using 
Abaqus/CAE. The finite element model has been subjected to appropriate body loads, simulating the operational 
dynamic environment along with the transmitted force due to gun firing load. Post-processing of the analyses 
comprise variation of vibration response and von-Mises stress outputs. Non-linear structural dynamic analyses have 
been carried out on the mounting assembly. 
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4. Transient dynamic analysis for the ADWS mounting assembly  
 
    From the frequency spectrum of transmitted force due to gun firing on ADWS mounting assembly in Fig. 5, it is 
observed to contain the fundamental frequency along with multiple higher order harmonics, effectively up to 250 
Hz. Therefore, it was required to carry out eigen value analysis of the entire ADWS mounting assembly, before 
proceeding further with the transient dynamic analysis. The time variant transmitted force to the ADWS mounting 
assembly (as observed from Fig. 4), has been input to the finite element model at the appropriate location. 5 loading 
cycles have been considered for the dynamic analysis, which corresponds to firing rate of 800 rounds per minute. 
Modal dynamics procedure has been used to carry out the dynamic analysis. 20 vibration modes have been 
considered in the modal dynamic analysis. Apart from the time variant transmitted force due to gun firing, gravity 
load has been applied to the entire assembly. The analysis has been carried out for 0.45 s with a time step of 0.1 ms. 
Fig. 7 indicates vibration response of the gun cradle of ADWS assembly about the trunnion axis. Fig. 8a indicates 
the location on pivot base of the existing mount at which the maximum variation of dynamic von-Mises stress (as 
shown in Fig. 8b) is encountered during rapid firing of the gun.  
 
                      
Fig. 7. Variation of rotational displacement of gun cradle about the trunnion axis of existing ADWS mount assembly with respect to time, due to 
gun firing  
 
                          
Fig. 8a. Indicated location on pivot base of existing mount           Fig. 8b. Maximum variation of dynamic von-Mises stress  
 
As observed from Fig. 7, the peak angular rotation of cradle about the trunnion axis is about 0.00322 radians, which 
corresponds to about 3.22 mil firing accuracy. As observed from Fig. 8b, the maximum von-Mises stresses at the 
indicated location on pivot base, is about 483 MPa. Therefore, it was required to carry out necessary design 
modifications in the existing ADWS assembly, in order to improve the firing accuracy and also to minimize the 
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stress levels, before it is forwarded for manufacturing and consequent trials.  
 
5. Transient dynamic analysis for the ADWS mounting assembly, with pr oposed modifications in 
pivot base and revolving base 
 
    Since firing accuracy levels of the existing mount assembly were not within acceptable limits, therefore the mount 
needed modifications in order to improve the accuracy levels. It was observed from the mode shapes during eigen 
value analysis of the entire ADWS assembly, that the fixed pivot base had some amount of relative movement 
between the flanges, connected to the turret and revolving base. It was felt that this relative movement between 
flanges of the fixed pivot base should be minimized, in order to make the mount base more rigid, which in turn will 
assist in improving the firing accuracy. Therefore, the pivot base was modified by incorporating additional vertical 
gusset plates all around for enhanced flexural rigidity, as shown in Fig. 9, acting as stiffeners between the flanges, 
connected to the turret and revolving base.  
 
                                           
                     Fig. 9. Design modification, carried out on the existing pivot base of ADWS mount assembly 
    In addition to the above pivot base modification, further modifications were carried out on the revolving base, in 
order to minimize angular rotation of gun cradle, relative to the trunnion. Necessity was felt to stiffen the revolving 
base by increasing the rib height and adding more number of ribs in the revolving base structure. The rib height has 
been increased to an extent such that it becomes planar with the flange, connected to the pivot base. This stiffening 
has been carried out radially, as in order to provide sufficient flexural rigidity to the revolving base at every firing 
angle. Fig. 10 shows the additional design modification, carried out on the revolving base. Similar analysis has been 
carried out with additional modifications in pivot base and revolving base, as described in section 4. 
                                          
Fig. 10. Design modification, carried out on the existing revolving base of ADWS mount assembly, in addition to the modification on pivot base 
388   Saayan Banerjee et al. /  Procedia Engineering  144 ( 2016 )  382 – 389 
    Fig. 11 indicates vibration response of the gun cradle of ADWS assembly, with modified revolving base and pivot 
base, about the trunnion axis. As observed from Fig. 11, the peak angular rotation of cradle about the trunnion axis 
is about 0.00186 radians, which corresponds to about 1.86 mil firing accuracy.  
 
                  
Fig. 11. Variation of rotational displacement of gun cradle about the trunnion axis of ADWS mount assembly, with modifications in pivot base 
and revolving base, due to gun firing, with respect to time 
 
 
    From sections 4 and 5, it is observed that, with the available assembly and space constraints, there is a good 
improvement in firing accuracy by strengthening the mount base of ADWS assembly. However, it was felt that 
some assembly constraints were likely to be encountered during integration of the slewing ring bearing between 
revolving base and pivot base. Therefore, suitable relief had to be provided between the flange and radial ribs of the 
revolving base, in order to suitably accommodate the slewing ring bearing (as shown in Fig. 12), and transient 
dynamic analysis carried out for the same.  
 
                                       
Fig. 12. Relief provided in revolving base structure between the radial ribs and flange, connecting pivot base, as per assembly constraints 
 
   With the above modifications, as shown in Fig. 12, some compromise in firing accuracy was observed, with a 
magnitude of about 2.37 mil. The stress levels in the modified ADWS mount assembly, were still much lower 
compared to that in the existing mount. The modified mount assembly design was finally accepted for 
manufacturing and further trial evaluations.       
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6. Observations and conclusion 
 
     The mathematical vibration model for recoil system of ADWS assembly has been developed in order to serve as 
a useful input to the static and dynamic analyses. From the frequency spectrum, it was observed that the influence of 
higher order harmonics on structural dynamics of the mount assembly, is much lower. The existing ADWS mount 
assembly has been validated and required design improvements through various iterations, in order to improve the 
firing accuracy. The modified ADWS mount assembly, arrived at by analyses, has been accepted by the concerned 
group for manufacturing and further trial evaluations. In order to enhance the firing accuracy, additional care is 
required to adhere to precise manufacturing tolerances. The above studies would be very useful for future design of 
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